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A COMPLETE TV RECEIVER 


Up to this point, previous les- 
sons included explanations of the 
sections which make up a com- 
plete television receiver. Now, we 
want to review briefly the over- 
all functions of these sections; 
to describe the features of auto- 
matic gain control, and to ac- 
quaint you with the basic ideas 
of printed circuits. In addition, 
this lesson includes representa- 
tive commercial TV circuits. Of 
course, no single circuit includes 
all the various features described 
in preceding lessons, but recog- - 
nition of how certain circuits 
function in relation to the entire 
receiver will enable you to analyze 
and isolate trouble in almost any 
complete receiver. Servicing and 
maintenance instructions com- 
prise the major part of the fol- 
lowing lessons in this television 
series. 


From an electronic standpoint, 
the television receiver can be con- 
sidered as a combination of two 
short wave superheterodyne radio 
receivers. One converts the video 
signals into a visible image and 
the other converts the audio sig- 
nals into sound. For simplicity 
in construction and operation, 
both signals are carried by a sin- 
gle TUNER which usually includes 
the r-f amplifier, local oscillator 
and mixer stages. 


Like any superheterodyne cir- 
cuit, most of the gain occurs in 


the i-f amplifier after which the 
video and audio signals are de- 
modulated ‘separately. The video 
signals are converted into a vis- 
ible image by a cathode ray pic- 
ture tube which, for proper oper- 
ation, requires vertical and hori- 
zontal deflection generators as 
well as a high voltage power sup- 
ply. The audio signals are con- 
verted to sound by the conven- 
tional type of speaker. 


With respect to the division of 
the video and audio signals, there 
are two general types of televi- 
sion receivers, known as DUAL 
CHANNEL and INTERCARRIER. In 
the dual channel type, shown by 
the block diagram of Figure 1, 
the video and audio modulated in- 
termediate frequencies are sepa- 
rated at the output of the r-f 
tuner and pass through separate 
i-f amplifiers before being ap- 
plied to the respective detectors. 
In some dual-channel receivers, 
the picture and sound i-f carriers 
pass through one or more com- 
mon i-f amplifier stages before 
being separated. 


However, in the intercarrier 
type receiver, Figure 2, both i-f 
carriers pass through the entire 
i-f amplifier and are applied to 
the video detector. In the video 
detector, the two waves hetero- 
dyne to produce a beat equal to 
their frequency difference of 4.5 
me. This 4.5 me wave carries the 
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sound signal frequency-modula- 
tion, and therefore serves as a 
second sound i-f carrier, From 
the output of the video detector, 
or after passing through a v-f 
amplifier stage, the 4.5 me car- 
rier is carried through the 4.5 
me i-f amplifier and then applied 
to the audio detector. 


In both the dual-channel and 
intercarrier type receivers, the 
demodulated video and audio sig- 
nals are amplified in one or more 
stages of v-f and a-f amplifica- 
tion, respectively. The video sig- 
nal is then applied to a control 
electrode of the picture tube elec- 
tron gun, and the audio signal to 





The rear view of a radio-phono-television combination. Notice the television receiver on the 
tight just above the speaker. The picture tube is mounted by brackets 
to the cabinet rather than on the chassis. 
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the voice coil of the speaker. In 
both receivers also, the v-f ampli- 
fier output is applied to the syne 
and deflection circuits where the 
vertical and horizontal syne 
pulses are separated from the pic- 
ture signal and blanking pulse 
components and employed to con- 
trol the frequencies of the respec- 
tive deflection generators. Finally, 
the deflection circuits develop 
sawtooth currents to produce the 
desired linear scanning motion of 
the picture tube beam. 


RECEIVER R-F TUNER 


As explained previously, one 
function of the r-f tuner is to per- 
mit the receiver to accept the avail- 
able carrier waves from any tele- 
vision broadcast station. Other 
functions of the tuner are to con- 
vert the incoming r-f carrier 
waves to the desired i-f values 
and to increase the overall sensi- 
tivity of the receiver. Represented 
as a single block in Figures 1 and 
2, the r-f tuner consists of several 
stages as shown in the more de- 
tailed block diagram of Figure 3. 
Here, the complete tuner consists 
of an R-F AMPLIFIER, an H-F OSCIL- 
LATOR and a MIXER, all of which 
are connected to a TUNING DEVICE. 


Receiving the carrier wave en- 
ergy from the antenna lead-in, 
the r-f amplifier selects and am- 
plifies the desired 6 mc band of 
frequencies and applies the am- 
plified energy to the input of the 


mixer stage. In some receivers, 
the antenna lead-in connects di- 
rectly to-the mixer input but the 
r-f amplifier has several impor- 
tant advantages. It provides in- 
creased image signal rejection. It 
acts as a buffer, between the h-f 
oscillator and antenna thereby de- 
creasing the radiation which may 
cause interference with nearby 
receivers. Also it provides a high- 
er signal-to-noise ratio because, 
as an amplifier, an electron tube 
generates less internal noise ener- 
gy than when operating as a 
mixer. 


The h-f oscillator must supply 
the mixer with sufficient r-f volt- 
age to produce a strong i-f output 
and, in addition, its frequency 
should be as stable as possible 
with respect to supply voltage and 
temperature changes. The maxi- 
mum allowable frequency drift is 
on the order of one-tenth of one 
per cent and since this degree of 
accuracy is difficult to maintain, 
it is customary to employ a small 
variable capacitor as a fine tun- 
ing control for the oscillator 
tuned circuit. Generally, this “fine 
tuning” control is brought out to 
the front panel so it can be ad- 
justed by the viewer for each se- 
lected station. 


In the mixer stage, the outputs 
of the r-f amplifier and h-f oscil- 
lator are heterodyned to produce 
the picture and sound interme- 
diate frequencies. The difference 
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between the video r-f carrier and 
the oscillator frequencies is the 
picture i-f, while the difference 
between the audio r-f carrier and 
the oscillator frequencies is the 
sound i-f. When the oscillator 
frequency is higher than that of 
both r-f carrier waves, the higher 
frequency audio carrier is closer 
to that of the oscillator and re- 
sults in the lower difference, or 
intermediate frequency. 


For example, a channel 3 sta- 
tion has a visual carrier fre- 
quency of 61.25 me and an aural 
carrier frequency of 65.75 me. 
If the h-f oscillator, of a receiver 
tuned to this station, operates at 
87 mc, the picture i-f will be 
87 — 61.25 = 25.75 mc, and the 
sound i-f will be 87 — 65.75 = 
21.25 mc. Notice that the picture 
i-f is higher than the sound i-f 
and also that they are separated 
by 4.5 me (25.75—21.25). Since 
the visual and aural r-f carriers 
are always separated by 4.5 me, 
the i-f carriers have this separa- 
tion also, regardless of the local 
oscillator frequency. 


RECEIVER PICTURE 
CHANNEL 


The series of receiver circuits 
or stages through which the video 
signal passes from the tuner to 
the picture tube is called the 
PICTURE CHANNEL while the 
SOUND CHANNEL includes the 
various stages through which the 


sound signal passes from the 
tuner to the loudspeaker. The 
picture channel includes a three 
to five stage i-f amplifier, the 
video detector, and one or more 
stages of v-f amplification. In 
addition, many receivers contain 
circuits for the automatic control 
of gain, picture brightness and 
noise limiting. 


As explained for the r-f tuner, 
other blocks in the diagrams of 
Figures 1 and 2 contain more 
than one stage, and a more de- 
tailed diagram of a receiver pic- 
ture channel is given in Figure 4. 
For this example, the i-f amplifier 
has four stages and, following 
the video detector, the video am- 
plifier has two stages with a d-c 
restorer between the second vy-f 
amplifier stage and the picture 
tube. In dual-channel receivers, 
the picture and sound i-f carriers 
are separated at some point ahead 
of the video detector, such as at 
the output of the second i-f am- 
plifier as indicated. In this case, 
the first two i-f amplifiers carry 
both picture and sound i-f sig- 
nals, and therefore are a part of 
the sound channel as well as the 
picture channel. 


In the intercarrier type re- 
ceivers, the sound i-f TAKE-OFF 
is at some point after the video 
detector, such as at the output of 
the first v-f amplifier stage as 
indicated. In this way, the first 
v-f stage acts as an additional i-f 
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amplifier for the 4.5 me sound i-f 
earrier and, along with the video 
detector and preceding i-f stages, 


picture tube electron gun and 
also to the synchronizing cir- 
cuits. Although omitted in some 





This underside view is typical of what may be expected in any television chassis. 


is a part of the complete sound 
channel. Thus, in an intercarrier 
receiver, the video circuits fol- 
lowing the sound i-f take-off 
point constitute the only portion 
of the picture channel which does 
not carry the sound signals also. 


Finally, the output of the last 
v-f amplifier stage is applied to 
the control grid or cathode of the 


Courtesy Philco Corp, 


receivers, the d-c restorer serves 
to re-insert the d-c component of 
the video signal which is present 
in the output of the video detec- 
tor but cannot be passed by the 
d-e blocking capacitors in the v-f 
amplifier coupling circuits. The 
d-ec component of the signal adds 
vectorially to the control grid bias 
voltage of the picture tube, and 
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thus serves to maintain the black 
level of the video signal at the pic- 
ture tube beam cut-off point. 


THE I-F AMPLIFIER 


The television receiver i-f am- 
plifier selects the desired i-f car- 
rier waves and rejects all unde- 
sired components of the mixer 
stage output. Besides the desired 
carriers, the mixer stage output 
contains components at the pic- 
ture and sound r-f carrier fre- 
quencies, the sums of the r-f car- 
riers and local oscillator frequen- 
cies, and the difference between 
the frequencies of the picture and 
sound carriers. 


In each 6 mc television channel, 
the picture carrier is 1.25 me 
above the lowest frequency and 
the sound carrier is .25 me below 
the highest frequency. Thus, with 
respect to any particular channel, 
the sound carrier of the adjacent 
lower frequency channel is 1.5 me 
below the picture carrier. Also, 
the picture carrier of the adja- 
cent higher frequency channel is 
1.5 me above the sound carrier. 
The broadly tuned r-f circuits will 
accept these adjacent channel 
carriers which will heterodyne 
with the receiver oscillator and 
produce beat frequencies 1.5 mc 
above the desired picture i-f and 
1.5 mc below the desired sound i-f. 


To reduce this type of interfer- 
ence, the FCC does not assign ad- 
jacent channels to transmitters 


operating in the same service 
area. However, in some receiver 
locations, there may be overlap- 
ping of signals from two or more 
transmitters on adjacent chan- 
nels, when the transmitters them- 
selves are located in different serv- 
ice areas. Therefore, the receiver 
i-f amplifier must be designed so 
that it has the ability to reject 
any such undesired beat frequen- 
cies. 


To attenuate these undesired 
frequencies, many television re- 
ceivers employ special series or 
parallel tuned circuits associated 
with the i-f amplifier interstage 
coupling or cathode circuits. 
Known as a TRAP, each of these 
sharply tuned LC circuits either 
rejects or provides a low reac- 
tance path to ground for the par- 
ticular frequency to which it is 
tuned. 


The picture i-f amplifier stages 
must have uniform response over 
a sufficient range of frequencies 
so that they are capable of pass- 
ing all or a substantial part of the 
picture i-f band. Since the small 
details in the reproduced image 
correspond to the sideband com- 
ponents farthest removed from 
the i-f carrier, the picture quality 
or definition in any particular re- 
ceiver depends upon the frequen- 
cy band over which its i-f ampli- 
fiers and other picture channel 
circuits have uniform response. 
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As in any type of amplifier, the 
picture i-f amplifier bandwidth 
is inversely proportional to gain. 
That is, its bandwidth can be in- 
creased at the expense of gain, or 
the gain increased at the expense 
of bandwidth. In various receiver 
designs, the total gain of the pic- 
ture i-f section must be anywhere 
from 1000 to 10,000, or more. 
Thus to provide both the maxi- 
mum frequency response and the 
required gain, some television re- 
ceiver models contain as many as 
four stages of picture i-f amplifi- 
cation. However, other models are 
designed with fewer i-f amplifier 
stages in which the frequency re- 
sponse has been reduced to some 
extent to provide the needed 
amount of total i-f gain. 


Besides the picture i-f carrier 
and its sideband components, in 
an intercarrier type receiver the 
i-f amplifiers must pass a certain 
amount of energy at the sound i-f 
carrier and sideband frequencies. 
However, the i-f amplifiers must 
have considerably less response to 
the sound i-f carrier than to the 
picture i-f carrier. This condition 
is necessary so that the 4.5 me 
second sound i-f carrier—pro- 
duced in the video detector—will 
not be amplitude modulated to 
any great extent by the picture 
signals. Therefore, in the inter- 
carrier receiver i-f amplifier 
stages, the response to the sound 
i-f carrier is only 10% or less of 


the maximum response to the pic- 
ture i-f band. 


In those i-f amplifier stages 
which carry both picture and 
sound i-f signals in a dual-chan- 
nel type receiver, the response to 
the sound i-f carrier is much low- 
er than it is to the picture i-f 
band. This is necessary to prevent 
excessive sound i-f signal voltage 
being applied to the video detec- 
tor. For the same reason, a sharp 
cutoff in response at the low fre- 
quency end of the picture i-f pass- 
band is employed in the amplifier 
stages which carry the picture i-f 
signals only. To aid in the attenu- 
ation of the sound i-f in these 
picture i-f stages, many television 
receivers contain LC trap circuits 
like those mentioned above, but 
which are tuned to resonance at 
the sound i-f carrier frequency. 


THE VIDEO DETECTOR 


Operating on the same princi- 
ple as the detector in an AM 
broadcast radio receiver, the 
video detector demodulates the 
picture i-f carrier to recover the 
video signal. In the detector cir- 
cuit, a diode tube or a crystal 
serve to rectify the applied i-f 
signal and a low pass filter elimi- 
nates the intermediate frequency 
components, so that the output 
consists of the composite video 
signal only. Since the average am- 
plitude of the carrier is propor- 
tional to the brightness of the 
scene being televised, the video 
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signal d-c component is present in 
the output of the video detector. 
Therefore, the various compo- 
nents of the video signal have the 
same relative amplitude at this 
point that they had at the input 
to the transmitter modulated 
stage. 


(Me 





For proper operation, the video 
detector should not load the pre- 
ceding i-f stage or the following 
v-f amplifier. Also, the detector 
input and output coupling circuits 
must have a 8 to 4 mc response to 
pass the entire applied i-f band as 
well as the output v-f band. To 


The chassis of a nationally advertised receiver, Notice the tuner 
in the front left corner. 


Courtesy Wilcox-Gay Corp. 
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meet these various requirements, 
the video detector has a relatively 
low resistance load resistor, and 
its output circuit contains peak- 
ing coils or a band pass filter. To 
prevent attenuation of the higher 
video frequency components, the 
capacitance in shunt with the load 
resistance must have high react- 
ance over the video band and in 
some cases consists of the diode 
output capacitance only, with no 
actual capacitor being employed. 


THE VIDEO AMPLIFIER 


The video amplifier increases 
the level of the video signal from 
1 to 3 volts rms at the detector 
output to a level of from 30 to 100 
or more volts peak-to-peak at the 
input to the picture tube. Like the 
preceding stages of the picture 
channel, the video amplifier must 
have wideband frequency re- 
sponse. Therefore, the receiver 
video amplifier circuits are de- 
signed to minimize attenuation of 
the video signal components near 
the high and low ends of the v-f 
band, and contain peaking coils or 
band pass filters to provide uni- 
form response up to the highest 
signal frequency. 


As mentioned, the video detec- 
tor output contains a d-c compon- 
ent which, along with the picture 
signal variations, must be applied 
to the control grid of the picture 
tube. This is necessary so that the 
background of any reproduced 


scene will have the correct bright- 
ness level, and the various details 
of one scene will have the correct 
brightness level with respect to 
the details of another scene. 


Like the usual resistance cou- 
pled a-f amplifiers, most v-f stages 
employ d-c blocking capacitors in 
their coupling circuits to prevent 
the d-c voltage on the plate of one 
tube from being applied to the 
grid of the following tube. The re- 
sistance-capacitance coupled v-f 
stages block the d-c component of 
the video signal, and pass only the 
a-c components to the input cir- 
cuit of the picture tube. However, 
the d-c voltage produced by the 
restorer is proportional to the d-c 
component in the detector output 
and, applied to the control grid of 
the picture tube, serves to auto- 
matically regulate the average or 
reference level of beam intensity, 
resulting in the correct back- 
ground brightness in the repro- 
duced image. 


In the receiver v-f stages, loss 
of the d-c component may be pre- 
vented and the need for a d-c re- 
storer eliminated by employing 
DIRECT-COUPLING in every inter- 
stage coupling circuit from the 
video detector output to the pic- 
ture tube input. With direct cou- 
pling, d-e blocking capacitors are 
not used, the plate of each tube 
being conductively connected to 
the grid of the following tube. 
Thus, the d-c component of the 
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video signal is passed-along with 
the a-c components and applied to 
the picture tube control grid. 


With this. arrangement, the 
grid of each tube obtains its -.d-c 
operating voltage from the same 
source as the plate of the preced- 
ing tube and, at the same time, 
the proper voltage relationships 
exist between the elements of 
each individual tube. To provide 
for these voltage relationships, 
the receiver power supply must 
contain a suitable voltage divider 
circuit, at different points on 
which all the various operating 
voltages are available. 


RECEIVER SOUND 
CHANNEL 


The block diagram of a televi- 
sion receiver sound channel is 
shown in Figure 5. In the dual- 
channel type receiver, this dia- 
gram represents either the entire 
sound channel, or that part of it 
following the sound i-f take-off 
point when the receiver contains 
one or more i-f stages which carry 
both picture and sound i-f signals. 
In the intercarrier type receiver, 
however, the diagram of Figure 5 
represents only that part of the 
sound channel which carries the 
second or 4.5 me i-f carrier, and 
the a-f signal. 


In either type of receiver, the 
amplitude of the input signal is 
increased by one or more i-f am- 
plifier stages and then demodu- 


lated in the audio detector stage. 
This stage may be a discriminator, 
a ratio detector or a gated beam 
detector, the operations of which 
have been explained in previous 
lessons. Briefly, these FM detec- 
tors are designed and arranged so 
that their output contains an a-f 
voltage component which corre- 
sponds to the frequency-modula- 
tions of the input signal. 


With a discriminator type of 
detector, the preceding i-f stage 
is operated as a limiter to sup- 
press any amplitude modulation 
of the i-f carrier wave. However, 
the final i-f stage may or may not 
operate as a limiter when a ratio 
detector is employed, because it is 
much less sensitive to amplitude 
modulation of the i-f input. 


Any cathode ray tube of the 
type used in television receivers 
may be considered a ‘voltage 
operated” device because the var- 
iations of control grid voltage re- 
sult in the image on the screen. 
Although, for good high-frequen- 
cy response, video amplifiers are 
operated with low value plate load 
resistors and the tubes should 
have high transconductance, their 
primary purpose is to amplify the 
signal voltage to the necessary 
level to drive the grid of the pic- 
ture tube. 

On the other hand, a loudspeak- 
er is a “current-operated device” 
because its action depends upon 
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audio frequency variations of the 
current in its voice coil. Thus, as 
indicated in Figure 5, the second 
a-f amplifier stage consists of a 
power amplifier which serves to 
produce large variations of cur- 
rent in its output or plate circuit. 


SYNCHRONIZING AND 
DEFLECTION CIRCUITS 


In Figures 1 and 2, a single 
block represents all of the various 


A Complete TV Receiver 





receiver circuits which produce 
the picture tube deflection cur- 
rents as well as those that control 
the frequencies of the deflection 
current generators. A more de- 
tailed block diagram of these cir- 
cuits is given in Figure 6, where 
the video signal from the receiver 
v-f amplifier is applied to the 
syne clipper which acts to elimi- 
nate the picture signal and blank- 
ing pulse components, and am- 





The top chassis view of a television receiver with the picture tube removed. In front of the 
chassis are the deflection yoke and the focus coil. 


Courtesy ‘'Mars" Television, Inc. 
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plifies only the syne pulses. The 
amplitude of the horizontal and 
vertical syne pulses is increased 
in the syne amplifier stage, the 
composite pulse output of which 
is applied to a pair of filters. 


Shown in the upper right of the 
diagram, the low-pass filter blocks 
the 15,750 eps horizontal syne 
pulses, but passes the 60 cps ver- 
tical syne pulses to the control 
grid circuit of the 60 cps vertical 
deflection oscillator. This oscilla- 
tor produces an alternating volt- 
age having a sawtooth or trape- 
zoidal waveform which, applied 
to the grid of the vertical deflec- 
tion amplifier, causes sawtooth 
current in the plate circuit of this 
tube. The sawtooth plate current 
is coupled through an _ output 
transformer to the vertical deflec- 
tion coils of the picture tube yoke. 


Shown at the left end of the 
second line of blocks, the high- 
pass filter permits only the 15,750 
eps horizontal syne pulses to 
reach the horizontal frequency 
control circuit. This circuit com- 
pares the frequency of the syne 
pulses with the output of the 
15,750 cps horizontal deflection 
oscillator, and develops a d-c out- 
put which is employed to control 
the frequency of the oscillator. 
As in the vertical deflection cir- 
cuit, the horizontal deflection 
oscillator produces an alternating 
voltage with sawtooth or trape- 
zoidal waveform which is em- 


ployed to drive the horizontal de- 
flection amplifier. 


Having a frequency of 15,750 
cycles per second, the sawtooth 
output current of this amplifier is 
coupled through an output trans- 
former to the horizontal deflec- 
tion coils of the picture yoke. 
Thus, both pairs of coils in the 
yoke are supplied energizing cur- 
rents of the proper frequencies 
and waveform to provide the de- 
sired deflection of the electron 
beam. 


POWER SUPPLIES 


In this overall review of the 
function of separate sections of a 
complete television receiver, ref- 
erences to the power supplies have 
been omitted. As long as the prop- 
er operating voltages are supplied, 
the actual method of obtaining 
the necessary voltage is not di- 
rectly related to the operation of 
the TV receiver. 


Normally the TV receiver pow- 
er supply consists of (1) a low 
voltage supply similar to that em- 
ployed in radio receivers and au- 
dio equipment, and (2) a high 
voltage supply known as the fly- 
back type because high positive 
pulses, which are rectified and fil- 
tered, are obtained from the hori- 
zontal output circuit during the 
flyback or retrace portion of the 
sawtooth deflection current. Pow- 
er supply details can be recalled 
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by reviewing an earlier lesson on 
the subject. 


AUTOMATIC GAIN CONTROL 

The ave (automatic volume con- 
trol) circuits in a radio broadcast 
receiver function automatically to 
vary the gain of the controlled 
stages. As a result, the gain is 
inversely proportional to the re- 
ceived carrier strength. The 
change in amplification is accom- 
plished by operating remote cut- 
off type amplifier tubes with a 
grid bias voltage which is direct- 
ly proportional to the average 
carrier amplitude. An increase 
in average carrier strength pro- 
duces an increase in negative grid 
bias, thereby causing the ampli- 
fier tubes to operate on a less 
steep portion of their EI, char- 
acteristics and produce less signal 
amplification. This amounts to 
varying the gain of the amplifier 
stages. The basic principle is used 
in television receivers as well. 


Some of the different types of 
automatic gain control circuits 
have been explained in previous 
lessons. However, because of the 
importance of these circuits and 
to maintain continuity of the add- 
ed explanations, a few age circuit 
details are reviewed in this lesson. 


In the block diagrams of Fig- 
ures 1 through 6, a function block 
labeled AGC has not appeared. 
Therefore, to illustrate the rela- 
tive position of an age circuit, the 
block diagram of Figure 7 shows 


its relationship to the r-f, i-f and 
video detector circuits in the re- 
ceiver picture channel of a com- 
mercial receiver described later 
in this lesson. Here, the output of 
the video detector, besides being 
applied to the video amplifier, is 
fed to the age system, which, in 
turn, applies a negative voltage to 
the grids of the r-f and i-f ampli- 
fiers. 

Figure 8 is a simplified sche- 
matic diagram of an age system 
designed to operate on the aver- 
age amplitude of the received car- 
rier. The modulated i-f signal is 
fed to the cathode of the video 
detector and the composite video 
signal is obtained in its plate cir- 
cuit as shown. At the ungrounded 
end of the 6.8 k load resistor, the 
signal is pulsating d-c and the d-c 
portion is negative in respect to 
ground. The pulsations are filter- 
ed out and the negative voltage is 
fed to the grid return points of 
the controlled stages. 


The 390 k resistor forms a volt- 
age divider with the 560 k resis- 
tor to reduce the age voltage to 
the desired level. The 1000 ohm 
resistor and the .001 ,f capacitors 
are high frequency filters which 
prevent the i-f signal in one stage 
from interacting with the other 
stage. 


In the transmission of televi- 
sion signals, the carrier average 
amplitude is purposely made to 
vary in accordance with the aver- 
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age background brightness of the 
scene, and therefore, it is undesir- 
able that the average carrier 
strength variations be suppressed 
‘in the receiver. For this reason, 
the television receiver gain con- 
trol circuit usually differs slightly 
from that used in the radio broad- 
cast receiver. 


The general method employed 
in the television receiver is to de- 
velop a bias which is proportional 
to the peak instead of the average 
amplitude of the video carrier. For 
this reason, when the varying bias 
depends on the amplitude of the 
signal peaks, the circuit is more 
specifically referred to as AUTO- 
MATIC GAIN CONTROL. If no fading 
or other effect causes a variation 
in peak carrier strength, this bias 
and, therefore, the gain of the 
amplifiers remains constant. How- 
ever, any peak carrier amplitude 
change will result in a compensat- 
ing change of age bias and signal 
amplification. 


In television transmission, the 
picture signal blanking level is 
maintained at a constant carrier 
level that is equal to 75% of the 
peak carrier amplitude. Hence, 
corresponding to the peak carrier 
level, the tips of the synchroniz- 
ing pulses always reach a uniform 
maximum amplitude and afford a 
convenient reference signal 
strength for operation of a televi- 
sion age system. 


Simple AGC 


Figure 9 shows the diagram of 
an automatic gain control circuit. 
V;, is the last i-f amplifier tube, 
V. is the video detector and age 
diode, and V3 is the video output 
amplifier. The V; output appears 
across L and is coupled through 
C. to the plate of the age diode 
section of V2. 


The positive signal alternations 
cause the diode to conduct, with 
electron flow from the V2 cathode 
to the plate and then to the Cy, 
negative plate. From the positive 
plate, the electron path continues 
through L to ground, from ground 
to the C; negative plate and from 
the C; positive plate to the V. 
cathode. 


In parallel with C;, series con- 
nected resistor Ry and a part of 
potentiometer P; are also in the 
electron path. Because the diode 
and coil L have very low resist- 
ances and C; is large in compari- 
son to Cz, C. charges very rapidly 
to the polarity indicated and very 
nearly equal to the i-f signal peak. 


During the intervals between 
the i-f signal positive peaks, the 
diode becomes nonconductive and 
C. discharges through R; and the 
coil L. The resistance of Ry, is 
made very large so that the dis- 
charge circuit time constant is 
relatively long and the capacitor 
discharges slowly. 
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The chassis view of a well known television receiver with a rectangular picture tube, 
ready to slide in cabinet and ship. 


Courtesy Motorola, Inc. 


Neglecting the relatively low tive with respect to ground by the 
d-c resistance of L, the positive d-c value, ec,. Thus, for simplic- 
plate of Cy is at d-c ground poten- ity, it might be assumed that a 
tial while the other plate is nega- battery with voltage ec, is con- 
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nected with its negative terminal 
to the plate of the age diode and 
its positive terminal to ground. 
This negative bias on the plate 
permits conduction of this tube 
only during the syne pulse inter- 
vals when the signal is most posi- 
tive. 


The tops of the syne pulses are 
equal to the peak carrier am- 
plitude, any variation of which 
varies the amount of the age diode 
conduction and the developed volt- 
age ec,. From the junction be- 
tween C. and Rs, the negative di- 
rect voltage ec, is applied through 
the filter R.C,R,C; to the grid cir- 
cuits of the r-f and i-f amplifiers 
as indicated. Thus, an increase in 
the i-f amplifier output peak 
causes greater conduction of the 
age diode and an increase in nega- 
tive age bias voltage ec,. Applied 
to the r-f and i-f amplifier tube 
grid, the increase in negative bias 
reduces the amplification in these 
stages. In a similar manner, a de- 
crease in the signal peak causes 
less conduction of the diode, a de- 
crease in ec,, and an increase in 
the r-f and i-f amplification. 


In the circuit of Figure 9, po- 
tentiometer P; serves as the con- 
trast control, permitting variation 
of the magnitude of the developed 
age bias and the self-bias in the 
cathode circuit of video frequency 
output tube V;. Resistor R; and 
the part of P, between it and the 
slider form a voltage divider be- 


tween B+ and ground. Connected 
through R, to the junction be- 
tween R; and P,, the cathode of 
the age diode has a d-c bias which 
is positive with respect to ground. 


When the slider is moved to- 
ward R,, this positive bias is re- 
duced and the conduction of the 
age diode is increased. This action 
causes a higher age voltage which 
decreases the amplification in the 
r-f and i-f amplifier stages. This 
same adjustment of the slider re- 
sults in a greater resistance in the 
V;, cathode circuit, increasing the 
bias and reducing the amplifica- 
tion in this stage. The reverse is 
true also. Moving the contrast 
control slider toward R, causes an 
increase in amplification by the 
r-f, i-f, and video output stages. 


Amplified AGC 


Some receivers incorporate an 
age voltage amplifier to increase 
the sensitivity of the system and, 
as an example of this arrange- 
ment, Figure 10 shows another 
age circuit. Here, V; is the last i-f 
amplifier tube, V2 is the video de- 
tector and age detector, V, is the 
age amplifier and V, is the age 
diode. 


In order to produce the desired 
bias, this entire circuit is operated 
below ground potential and is sup- 
plied with negative d-c operating 
voltages from the power supply. 
In operation, the i-f signal that is 


Page 20 


A Complete TV Receiver 





developed across coil L; is coupled 
through C, to the age detector, 
where the positive signal alterna- 
tions cause the tube to conduct 
and charge C; to a value e.,, which 
is nearly equal to the i-f signal 
peak. 


The age detector output, ec, is 
applied through the long time 
constant filter R;R,C, to the grid 
of V; which operates as a direct 
coupled amplifier. As shown, the 
V; plate connects through Ry) and 
Ri, to ground. However, normal 
operation of this tube is obtained 
since its cathode is connected to 
the slider on potentiometer P,, 
and, as indicated, it is 99 volts 
negative with respect to ground. 
Likewise, returned through R,, R; 
and R, to the —105 volt power 
supply terminal, the V; grid is 
operated 6 volts negative with re- 
spect to the cathode, less the volt- 
age eo, produced by the received 
signal. 


In series in the V; grid-cathode 
circuit, ec, opposes the applied 
fixed bias, therefore the net nega- 
tive grid bias varies with ec,. The 
V; plate current in Ry and Ry, 
causes voltages that make the V, 
plate negative with respect to 
ground. The negative voltage at 
the junction of Ry and Ry, is fil- 
tered by C;, which charges to the 
polarity shown, and is applied to 
the grid return of the r-f ampli- 
fier tube. 


Capacitor C, is connected across 
both resistors and charges to their 
total voltage with the polarity 
shown. The voltage across Cy is 
applied through filter RyC; to the 
grid returns of the if amplifier 
tubes. 


In operation, an increase in the 
i-f signal peak causes greater con- 
duction of the age detector during 
the syne pulse intervals, charging 
C, to a higher voltage. The in- 
crease of e¢, makes the V, grid 
less negative, increasing the plate 
current and, therefore, the volt- 
age across Ry and Ry. This ac- 
tion results in an increase of the 
ec, and e¢, negative age voltages, 
which reduce the signal amplifica- 
tion in the r-f and i-f stages of 
the receiver. 


On the other hand, when the 
signal peak decreases, ec, is re- 
duced, V;, plate current decreases, 
and the reduction of voltages ec, 
and ec, permit greater amplifica- 
tion in the r-f and i-f stages. The 
long time constant filter R;R,C, 
prevents rapid changes of the Vs 
bias so that rapid changes in sig- 
nal strength do not cause changes 
in the i-f and r-f amplifier bias 
voltages. The operating voltage of 
the V; cathode can be changed by 
means of the contrast control po- 
tentiometer P,, thereby permit- 
ting manual adjustment of the 
age voltages developed. 


Since capacitor Cy is connected 
across both Ry) and Ry, a higher 
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voltage is developed across it than 
across C;. For very high input sig- 
nal amplitudes, the age bias ap- 
plied to the i-f amplifier grids 
may be so high as to cause the 
tubes to operate near the cut-off 
point and distort the signal. To 
prevent this distortion, age diode 
V, is employed to limit the amount 
of bias applied to the i-f amplifier 
tubes by connecting its cathode to 
the i-f age line and its plate to a 
—7.2 volt power supply terminal. 


Normally, the V; plate and 
therefore the V, cathode is less 
negative than —7.2 volts, and V, 
is nonconductive. However, when 
ec, exceeds —7.2 volts, the V, cath- 
ode becomes more negative than 
the plate and the diode conducts. 
When conductive, a diode has rel- 
atively low resistance and resistor 
Ry, and the Vy plate resistance 
form a voltage divider from the 
negative plate of C, to the —7.2 
volt terminal. The i-f age line is 
connected to the junction between 
V, and Ry, therefore, when V, is 
conducting, the voltage applied to 
the i-f amplifier grids will be only 
a fraction of the total voltage 
across Cy. That is, after ec, reach- 
es —7.2 volts, there is a consider- 
able reduction in the rate of age 
voltage rise. 


The V; diode plate circuits pre- 
vent changes in age voltage due to 
high amplitude transient voltages 
arising from automobile ignition 
“noise,” etc. Such voltages cause 


sudden heavy conduction of the 
age detector, and voltage ex, be- 
comes sufficiently high to make 
the diode plates of V,; positive 
with respect to the cathode. The 
resulting electron flow, from the 
cathode to the diode plates, cause 
voltages across Rs, Rs, Ry, Rs; 
and P,; all of which are of a po- 
larity which tends to make the 
grid negative with respect to the 
cathode and prevent a rise of V; 
triode plate current. 


The age circuits just described 
are fairly satisfactory when all 
stations can be received with min- 
imum noise and when changes in 
signal strength occur slowly. The 
filter networks that smooth out 
the age voltage must have RC 
time constants sufficiently long to 
remove the 60 cycles per second 
vertical synchronizing pulses. 
Therefore, when the changes in 
signal strength occur in about 
1/60 of a second, or faster, the 
bias voltage does not change at all. 


Another serious drawback is 
present when the noise level is 
very high. The noise itself pro- 
duces a more negative bias and 
thus reduces the gain of the con- 
trolled stages. In areas where a 
weak signal station is received 
with a high level of noise, there 
is a tendency to suppress the tele- 
vision signal altogether, since the 
noise can produce a bias voltage 
so large that the already weak 
signal does not receive sufficient 
amplification. 


Page 22 


A Complete TV Receiver 





Keyed AGC 


In an effort to overcome these 
drawbacks, a fast acting age cir- 
cuit has been developed. Known 
as KEYED AGC, this system em- 
ploys a pentode type tube, the 
plate voltage of which is obtained 
from a pulse developed in the hor- 
izontal sweep circuit during the 
flyback interval. Thus, the tube 
conducts for only a brief instant, 





The well designed cabinet of the modern tele- 

vision receiver and the simple controls conceal 

the elaborate circuits necessary to reproduce a 
gocd picture. 

Courtesy Zenith Radio Corporation 


and develops an age voltage that 
is proportional to the syne pulse 
amplitude and is relatively inde- 
pendent of the noise voltage su- 
perimposed on the received sig- 
nals. 


The age voltage smoothing fil- 
ter must have an RC time con- 
stant only long enough to remove 


the horizontal sweep frequency, 
which is 15,750 cycles per second. 
This short time constant permits 
the keyed age circuit to have a 
fast action. 


One important requirement of 
the keyed age system is that the 
composite video signal must be 
applied to the age tube so that the 
sync pulses have positive polarity, 
that is, the video signal must have 
negative picture phase. 


Another important requirement 
is that the d-c component be pres- 
ent in the composite video signal 
applied to the age tube, otherwise 
the grid voltage is not the same 
during each successive flyback pe- 
riod. When the video signal passes 
through a capacitor, the d-c com- 
ponent is removed and all the 
syne pulses are no longer at the 
same level. 


To obtain proper operation of 
this circuit, it-is connected to the 
plate circuit of a video amplifier 
as shown in Figure 11, where V; 
is the age tube and V2 the video 
amplifier tube. The d-c component 
of the composite video signal is 
retained by employing direct cou- 
pling between detector V,; and the 
video amplifier Vo. 


Although capacitive coupling 
could be employed between V» and 
the picture tube cathode, in this 
circuit direct coupling is provided 
by Ry. Cy is connected in parallel 
with Ry to provide high frequency 
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compensation. Except for contrast 
control P, and resistor R;, the V; 
and V» circuits are conventional, 
with high frequency compensation 
provided by Le, L;, Ly and L; as 
described in the lesson on video 
frequency amplifiers. 


Potentiometer P, is employed 
to vary the screen grid voltage of 
V» and thus to vary the amplifica- 
tion of this stage. When the slider 
is moved toward the junction of 
R, and P,, the screen grid voltage 
is increased, and this increases 
the tube transconductance and the 
stage gain. As the slider is moved 
toward the junction of P; and Rg, 
the screen grid voltage is reduced 
so that the transconductance and 
stage gain are decreased. 


R, has a low resistance and is 
connected in series with R, to pro- 
vide the desired amplitude of 
composite video signal for the age 
tube. The V; cathode is connected 
to the junction of R; and P, and 
is 140 volts positive with respect 
to ground. Connected through iso- 
lating resistor R,, to the junction 
of Ry and R,;, the V; control grid 
is negative with respect to the 
cathode. R; is chosen so that the 
voltage drop across it biases Vy 
nearly to cutoff. The screen grid 
is supplied with a positive 220 
volts, while the plate is connected 
to ground through resistors Ry», 
Ris, Rig and Ri;. Therefore the 
only current in V; is a small screen 
current. 


Capacitor C; and coil Ly are 
connected in series between the 
V; plate and ground. Physically, 
L, is wound on top of the horizon- 
tal size control coil L;, which is 
connected across part of the hori- 
zontal output transformer sec- 
ondary. 


During the horizontal flyback 
interval, a sharp voltage pulse is 
developed across L; and, by trans- 
former action, across Lg, which is 
connected so that the pulse is po- 
sitive on the ungrounded end. Ap- 
plied through C; to the V; plate, 
this pulse has sufficient amplitude 
to cause Vs plate current, with 
electrons flowing from the V3 
cathode to plate and then to the 
negative plate of C;. From the 
other plate of C;, electrons flow 
through L, to ground, through the 
power supply to the +140 volt 
point and then back to the V3 
cathode. 


During the period of the sharp 
pulse on the V, plate, the syn- 
chronizing pulse, which is part of 
the composite video signal, ap- 
pears on the V; grid, thus making 
it more positive and permitting 
more plate current. Thus the 
amount of plate current and the 
charge acquired by ©; during the 
sharp plate voltage pulse, depends 
on the horizontal syne pulse am- 
plitude. 


During the interval between the 
V; plate voltage pulses, C; dis- 
charges through the filter consist- 
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ing of Ris, Ris, Ris, Ris, Cg and Cy 
and through Lg, in a direction such 
that the junction of C; and Ry» 
becomes negative with respect to 
ground. The values of these resis- 
tors are chosen so that the desired 
age voltages are developed, and 
then the capacitances of Cy and 
Cy are chosen so that the time 
constants are long enough fo re- 
move the horizontal sweep fre- 
quency pulse. To control the gain 
of the r-f and i-f amplifiers, bias 
voltages are obtained from the 
filter as shown in Figure 11. 


When the signal strength at the 
receiver antenna decreases, the 
amplitude of the syne pulses ap- 
plied to V; also decreases. This 
results in a decrease in the Vs; 
plate current so that C; is charged 
to a lower value, less bias voltage 
is developed, and the gain of the 
controlled stages is increased to 
compensate for the loss in signal 
strength. 


On the other hand, when the re- 
ceived signal strength increases, 
the amplitude of the sync pulses 
on the V; grid also increases. Then 
C; is charged to a higher voltage 
by the increased V; plate current 
so that the higher bias reduces 
the gain of the controlled stages. 


THE COMPLETE RECEIVER 


Now that all of the basic cir- 
cuits used in a TV receiver have 
been explained, we want to show 


how the various stages of a com- 
plete receiver are interconnected. 


The schematic diagrams of Fig- 
ures 18, 15, and 19 are typical ex- 
amples of what will be encoun- 
tered in the field. It is not intended 
that the following material ex- 
plain the circuits in detail.as the 
preceding lessons have analyzed 
the individual circuits. Also, any 
unusual circuits or modifications 
due to production changes which 
may appear on the diagram will 
be explained in the lessons deal- 
ing with servicing. 


Figure 12 is the block diagram 
of a commercial model TV receiv- 
er that is in common use and from 
the standpoint of being able to 
analyze the action, it will be of 
considerable advantage to trace 
the signals from the antenna to 
the speaker and picture tube, and 
follow the control pulses as well. 
Starting at the antenna input ter- 
minals, the r-f signals are ampli- 
fied by two r-f amplifier stages 
before they are fed to the mixer 
and heterodyned with the local os- 
cillator signal. The i-f output of 
the mixer is amplified by three i-f 
stages and applied to the video 
detector. 


The sound i-f signal is taken 
from the video detector and am- 
plified by two stages before being 
fed to the sound detector. The 
audio signal output of the detec- 
tor is amplified by the first audio 
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stage and applied to the sound 
output amplifier. This last stage 
amplifies the audio signal still 
more and provides the power to 
drive the speaker. 


Also obtained at the output of 
the video detector is the compos- 
ite video signal that is fed to the 
video amplifier and finally to the 
picture tube. The output of the 
video amplifier also feeds the 
keyed age circuit. Working in 


one r-f amplifier and two i-f am- 
plifiers. From the output of the 
video amplifier, the composite 
video signal is fed to the syne sep- 
arator which eliminates the video 
information and blanking pulses 
from the syne pulses. The syne 
pulses are then amplified and 
clipped by the syne clipper and 
applied to the sync phase inverter. 


Positive pulses are obtained 
from the syne phase inverter and 





Multiple pictures in the vertical direction indicate that the vertical oscillator 
is operating at too low a frequency. 


conjunction with a positive pulse 
from the horizontal output trans- 
former, the keyed age system pro- 
vides the negative bias voltage 
which is fed back to the grids of 


Courtesy General Electric Co, 


used to synchronize the vertical 
oscillator. The 60 cps sawtooth 
pulse from the vertical oscillator 
then is amplified by the vertical 
output amplifier and which pro- 
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vides the deflection power for the 
vertical windings of the deflection 
yoke. 


Since this particular receiver 
does not use a d-c restorer, a neg- 
ative pulse is obtained from the 
vertical output transformer and 
applied to the grid of the picture 
tube. This pulse cuts off the elec- 
tron beam during vertical retrace 
time and prevents the retrace lines 
from appearing on the screen. 


Going back to the syne phase 
inverter, both positive and nega- 
tive pulses are applied to the hor- 
izontal phase detector along with 
a sample of the horizontal scan- 
ning signal from the horizontal 
output stage. The output of the 
phase detector is a d-ce voltage 
that is applied to the horizontal 
oscillator to keep it in synchroni- 
zation with the sync pulses. 


The horizontal oscillator feeds 
the horizontal output stage which 
provides the horizontal deflection 
power for the yoke. The damper 
tube is related to the action of the 
horizontal output stage to prevent 
spurious oscillation from affecting 
the horizontal sweep circuits. The 
high voltage rectifier receives a 
positive pulse from the horizontal 
output transformer and supplies 
high direct voltage to the picture 
tube anode. 


AN ADMIRAL TV RECEIVER 


To elaborate further upon the 
receiver arrangement of Figure 


12, the complete schematic dia- 
gram is shown in Figure 13. 


Starting at the antenna, the 
signal is coupled from the pri- 
mary to secondary of Ly); and ap- 
plied to pin 2 of the 6BZ7 (Vio1) 
tube which is a cascode r-f ampli- 
fier. Capacitor C115 places the grid 
(pin 7) of the right hand section 
of the tube at r-f ground and this 
section functions as a grounded 
grid amplifier with the signal be- 
ing applied to its cathode. 


Notice that the cathode of the 
right hand section (pin 8) of Vioi 
is about 110 volts positive in re- 
spect to ground. In order for this 
tube to function properly, Rii2 and 
Ry; form a voltage divider which 
applies a positive voltage through 
Rio to the grid (pin 7). This volt- 
age counteracts the positive volt- 
age on the cathode and permits 
the tube to function normally. 


The output of the 6BZ7 is taken 
from pin 6 and transformer cou- 
pled to the grid of the Vio2, mixer 
(1% 636) by means of Ly. Also, 
the various channels indicated by 
the coils within the dashed out- 
line, are selected by a revolving 
turret that changes Ly; and Ly 
to the proper values depending 
upon the frequency of the channel 
selected. 


The oscillator signal from Vj 
is also coupled to the grid of the 
mixer by means of Lio, where it 
beats against the r-f signal to pro- 
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duce the i-f signal in the plate 
circuit of the mixer. From the 
plate circuit of the mixer, the i-f 
signal is coupled to the grid of 
the first video i-f amplifier Vo: 
(6CB6). Coils Lio; and Lyoy are 
tuned in conjunction with the 
coils in the plate circuits of the 
i-f amplifiers for the proper re- 
sponse. 


The wave-traps in the plate cir- 
cuit of the mixer are adjusted for 
maximum attenuation of the ad- 
jacent channel sound carrier 
(27.25 mc) and the adjacent chan- 
nel video carrier (19.75 mc). 


Amplified by the first video i-f 
amplifier, the signal is transform- 
er coupled to the grid of Vsoz 
(6CB6), the second video i-f 
stage. In the grid circuit of this 
stage is another trap tuned to the 
desired sound carrier (21.25 mc). 
The purpose of this trap is to at- 
tenuate the sound carrier so that 
it will be the proper amplitude 
when it is heterodyned with the 
video carrier (25.75 mc) in the 
video detector to produce the 4.5 
me sound i-f signal. 


The third video i-f amplifier 
V303 (6AG5) along with the Vzoz 
stage employs stagger tuned 
transformers so that the frequen- 
cy response curve has the proper 
shape. The output of the third i-f 
amplifier is applied to the cathode 
of the video detector Vos, which is 
one-half of a 12AT7. Even though 


this is a triode tube, the grid and 
plate are tied together and act as 
the plate of a diode. 


The positive picture phase video 
signal is amplified by video output 
V3z05 (6CL6) and applied through 
Rao, and Cgo9 to the cathode of the 
picture tube. Czo9 permits all 
of the video signal to be applied 
to the cathode of the CRT but 
causes the direct voltage at the 
plate of the 6CL6 to divide up be- 
tween Rs, and Rye; Since the 
video signal is direct coupled from 
the video detector to the video 
amplifier and direct coupled from 
the video amplifier to the picture 
tube, this arrangement eliminates 
the need of a d-c restorer. 


The CONTRAST CONTROL Ragig, in 
the cathode circuit of Vyo5, deter- 
mines the amount of un-bypassed 
resistance which causes degenera- 
tion and varies the amplitude of 
the video signal in the 6CL6 plate 
circuit. BRIGHTNESS CONTROL Ra4; 
varies the direct voltage on the 
grid of the picture tube. 


Going back to the plate of the 
video detector, the 4.5 me sound 
i-f signal is coupled through Cy: 
and Leo; to the cathode of the first 
sound i-f amplifier which is the 
other half of Vox. The signal is 
further amplified by Veo, (6AU6) 
the 2nd sound i-f, and fed to the 
Voor (6AL5) ratio detector cir- 
cuit. After being amplified by RC 
coupled stages V2»; and V2o4, the 
audio signal is fed to the speaker. 
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One other circuit associated 
with the sound i-f signal is the 
4.5 me trap, located in the grid 
circuit of Vy0;, consisting of Co» 
and Lyos. The coil is adjusted for 
maximum attenuation of the 
sound carrier in the plate of the 
6CL6 to prevent the 4.5 me beat 
signal from appearing as a fine 
grain interference pattern on the 
screen of the picture tube. 


At the junction of Ry»; and Ry», 
in the plate circuit of Vyo;, the 
composite video signal is fed 
through R33. to the grid of the age 
keying tube Vyo;. Applied to the 
plate of this tube is a positive 
pulse coupled through Csi, from 
terminal 7 on the horizontal out- 
put transformer. Any variation in 
the amplitude of the video signal 
on the Vyo; grid will cause the 
conduction of the tube to change 
accordingly and vary the negative 
voltage obtained at the junction 
of Rags, Cys, and Cy,7. These vari- 
ations of bias voltage are fed 
through Rg;2 to the grids of Vso: 
and Vyo2 to control their gain. 


Located in the V,; grid circuit, 
DX RANGE FINDER CONTROL Ra,» is 
Admiral’s name for the AGC De- 
lay Control and merely varies the 
direct voltage applied to the grid 
of the age tube. As the variable 
contact is moved to the right, the 
positive voltage on the grid de- 
creases which increases the bias 
between the grid and the cathode. 
This reduces the conduction of the 


keying tube when the positive 
pulses are applied to its plate and 
reduces the age voltage fed back 
to the controlled stages. In weak 
signal areas, the control would be 
turned to the right and in strong 
signal areas it would be turned to 
the left. 


Another interesting feature of 
this age system is the manner in 
which the bias voltage for the r-f 
amplifier is obtained. Resistors 
Rs50 and Rg5; are. connected as a 
voltage divider between a B+ 
point and the “minus” voltage 
developed by the age tube. The 
values are chosen so that the volt- 
age at the junction of R59 and 
R351 will be negative but smaller 
in amplitude than that applied to 
the grids of the i-f amplifiers. 
Should the age tube cease conduct- 
ing, the additional divider net- 
work of R352 and R37 will prevent 
the age voltage from becoming 
exceedingly positive. 


The video signal at the junction 
of Ry: and Rg»» in the plate circuit 
of the 6CL6 (V5) also is applied 
to the grid circuit of the sync sep- 
arator (pin 2 of V4o3). The posi- 
tive signal drives the grid positive 
in respect to the grounded cath- 
ode and electrons flow from 
cathode to grid which charge Caos 
negative on its bottom plate. This 
charge biases the tube to cut- 
off and permits only the sync 
pulses to cause plate current. This 
action eliminates the video infor- 
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mation and the blanking pulses 
but the syne puises appear with 
negative polarity at the plate of 
the syne separator. The syne 
pulses are further amplified and 
clipped by the syne clipper and 
applied to the grid of the sync 
phase inverter Vyo:y (14 6SN7). 


Positive syne pulses from the 
cathode of the sync phase inverter 
are applied to the integrator net- 
work. Here, the integrated verti- 
cal sync pulse triggers the vertical 
blocking oscillator Vyo, (14 
6SN7). The free-running frequen- 
cy of this oscillator is determined 
primarily by the RC network con- 
sisting of Cos, Rass, Rags, Rasz and 
Ryosa the latter being the VERTICAL 
HOLD CONTROL. 


A sawtooth voltage, the ampli- 
tude of which is determined by 
the setting of the HEIGHT CON- 
TROL, is developed across sawtooth 
forming capacitor C,,,, and fed to 
the grid of the vertical output 
tube Vy. (6AV5GT). The setting 
of the VERTICAL LINEARITY CON- 
TROL Ryi9, determines the bias on 
the 6AV5GT and varies the shape 
of the current waveform produced 
by the tube. Vertical output trans- 
former Tyo. is the auto-transform- 
er type and matches the imped- 
ance of the yoke vertical windings 
to the plate impedance of the ver- 
tical output tube. 


Another feature of this receiv- 
er is the vertical retrace blanking 


circuit that has been incorporated. 
A negative polarity pulse is ob- 
tained from the vertical output 
transformer and fed through Cy, 
to the grid of the picture tube. 
This negative pulse adds to the 
bias on the grid and causes beam 
current cutoff during the vertical 





Color bar generator used for alignment and 
servicing of color TV receivers. 


Courtesy Kay Electric Co. 


retrace time. Because of this ac- 
tion, the owner of the receiver 
can adjust the brightness control 
to his own satisfaction without 
having the vertical retrace lines 
appear. 

Referring back to the syne phase 
inverter V4oin, positive sync pulses 
are coupled through Cy; to the 
bottom plate of V4 , and negative 
pulses are coupled through C412 to 
the top cathode of V4 ;. The re- 
maining plate and cathode of the 
double diode are connected to- 
gether and a negative going saw- 
tooth voltage is applied to them. 
This voltage is shaped by inte- 
grating a positive pulse obtained 
from the horizontal flyback trans- 
former. 
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Any deviation of the horizontal 
oscillator from its correct fre- 
quency produces a correction volt- 
age at the junction of Ry.» and 
Ry; which is applied through the 
anti-hunt network, Cy; and Rys, 
to the grid of the left section of 
the horizontal multivibrator V4o5 
(4 6SN7). This correction volt- 
age causes the multivibrator to 
oscillate at the correct frequency. 
It must be realized, of course, that 
there is a limit to the amount of 
correction that can be obtained 
and the circuit must be designed 
and adjusted to operate at approx- 
imately the correct frequency in 
order that the afe system can do 
its job properly. 

The components that are the 
most important in determining 
the frequency of the horizontal 
multivibrator are the grid leak 
capacitor (Cy), the fixed grid 
load resistor (R433), and the vari- 
able grid load resistor (Ryosn)-. 
This latter resistor varies the RC 
time constant and determines the 
rate that Cy» can discharge 
through Rys3 and R4osy. The com- 
ponent is a front panel control 
called the HORIZONTAL HOLD 
CONTROL, 

Stabilization of the oscillator is 
obtained by inserting resonant 
circuit Ly, and Cys, tuned to the 
horizontal scanning frequency, as 
part of the plate load for the left 
hand section of this multivibra- 
tor. The sine wave developed by 
this resonant circuit has the posi- 


tive pulse from pin 2 of Vao5 su- 
perimposed on it, as shown by 
waveform in the schematic 
diagram, and acts to prevent the 
free-running frequency of the 
multivibrator from shifting radi- 
cally. 


A trapezoidal waveform, devel- 
oped by the sawtooth forming 
capacitor Cy.) and the peaking re- 
sistor R,3s, drives the horizontal 
output Vio, (6CD6G) stage. The 
HORIZONTAL DRIVE CONTROL, R447, 
functions along the same lines as 
the height control. Since sawtooth 
forming capacitor Cys» must 
charge through Ryze, Rags and the 
horizontal drive control, adjust- 
ment of this potentiometer varies 
the amplitude of the sawtooth 
portion of the trapezoidal wave 
applied to the grid of V4og, and 
helps to determine the amount 
of horizontal deflection that is 
obtained. 


The horizontal output (flyback) 
transformer is the direct drive 
type with the horizontal windings 
of the yoke connected from lug 2 
of the transformer to one side of 
the WIDTH COIL and the other side 
of the width coil connected to lug 
3. The damper tube and its filter 
network (Cys, Cys7, and Lyo3) are 
connected between lugs 1 and 4 
of the transformer. 


The secondary of the width 
coil, Ly, is in series with the 
horizontal windings of the de- 
flection yoke. Adjustment of the 
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width coil helps to determine the 
overall width of the raster by 
varying the losses across itself. 
The HORIZONTAL LINEARITY COIL, 
Lyos, varies the phase of the ripple 
on the B+ boost voltage. This 
voltage added to the damper tube 
voltage controls the horizontal 
linearity. 

Even though there is about 695 
volts at the cathode of the 
damper, there is also a pulse 
of about 2000 volts present that 
could cause damage to a voltmeter 
connected to this point. This B+ 
boost voltage can be measured at 
lug 4 of the transformer or the 
common terminal of Cys; and Cyps. 


The high voltage pulse is recti- 
fied by V4oz, filtered by Cyoo and 
applied to the high voltage anode 
of the picture tube. 


AN RCA TV RECEIVER 


The block diagram of a receiver 
that also uses many of the com- 
mon or conventional circuits is 
shown in Figure 14. In compari- 
son with the Admiral block dia- 
gram of Figure 12, this RCA 
receiver is very similar. However, 
there are some important differ- 
ences in the stages used and in the 
circuits used for the same stages. 
In particular, the noise cancella- 
tion “block” shown between the 
video detector and 1st syne ampli- 
fier requires added explanation. 


As shown by the schematic dia- 
gram of Figure 15, the r-f section 


includes a cascode tuner similar 
to that used in the Admiral but 
instead of being a turret, it is a 
switch type tuner. Three video i-f 
amplifiers (Vios, Vios, and Vives) 
are employed, and the signal is 
demodulated by Viocsn. Two video 
amplifiers increase the signal level 
before it is fed to the grid of the 
picture tube. 


Instead of from the video de- 
tector, the 4.5 me sound signal is 
taken from the plate of the first 
video amplifier Vios, and fed to 
the grid of sound i-f amplifier 
Vio. After being detected by Vioz 
and amplified by Viois, the audio 
signal is fed to Vio3 which fur- 
nishes the power to drive the 
speaker. 


The plate circuit of the first 
video amplifier also is connected 
through Rs, to the grid of the 
keyed age tube Viozn. A positive 
pulse is obtained from the hori- 
zontal output transformer and 
applied to the plate of the keyed 
age tube to obtain the desired 
action. The amplitude of the age 
voltage is determined by the set- 
ting of Rios and the amplitude of 
the video signal. In turn, the age 
voltage is then applied to the grids 
of the first r-f amplifier and the 
first i-f amplifier. 


Although labelled AGC DELAY, 
the crystal diode CRyy: is also an 
age clamping diode. In the cir- 
cuitry involved, a positive 257 
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volts is applied through Ris; to 
the plate of CRio;. Also, Riso, Riot 
and Riss form a voltage divider to 
ground which, in the absence of a 
video signal, tends to make the 
junction of Risz7 and Rigo a few 
volts positive in respect to ground. 
However, the instant this point 
begins to go positive, CRy»; con- 
ducts and places it at ground po- 
tential. Then, when a sufficiently 
large video signal is received, the 
negative voltage developed at the 
plate of Vio7n overcomes the posi- 
tive voltage applied through Rig;, 
and CRio; does not conduct. Their 
action permits the negative age 
voltage to be applied to the grid 
of the r-f amplifier in the normal 
manner. 


Noise Cancellation 


Going back to video second de- 
tector Viogn, the negative polarity 
signal (positive picture phase) is 
fed to the cathode of noise can- 
cellation tube Viosy as well as to 
the grid of the first video ampli- 
fier. Since no polarity reversal 
takes place when the signal is fed 
to the cathode, the output of the 
noise cancellation tube contains 
negative polarity pulses. Also, 
NOISE LIMITER CONTROL, Roy; ob- 
tains a negative direct voltage 
from the grid of the horizontal 
output tube which is applied as 
bias to the grid of the noise can- 
cellation tube. This bias is ad- 
justed so that the tube conducts 
only on pulses which exceed the 


normal amplitude of the sync 
pulses. 


The negative polarity signal 
from the noise cancellation tube 
and the positive polarity signal 
from the first video amplifier are 
combined at the junction of Rays 
and Raj». Since noise pulses are 
the only signal that can exceed 
the amplitude of the syne pulses, 
the output of the noise cancella- 
tion tube is negative noise pulses 
that combine with and cancel the 
positive noise pulses from the 
plate circuit of the first video am- 
plifier. The resultant signal is 
then fed through Css to the grid 
of first syne amplifier Vio;,. After 
being clipped and amplified by 
Vioza, the negative polarity syne 
pulses are further amplified by 
Viio, and appear as positive po- 
larity syne pulses in the plate cir- 
cuit of Viros. 


From the junction of Riys, Ris, 
and Cys, positive pulses are fed 
through C,;; to the grid of the 
horizontal oscillator control tube, 
pin 2 of V,,2. Also fed to the grid, 
through C,;; and Ryg;, is a sample 
of the horizontal sweep voltage. 
The two signals control the con- 
duction of the left hand triode of 
the 6CG7 (Viz) which in turn, 
controls the frequency of the 
right triode which is connected as 
a blocking oscillator. 


The remainder of the horizon- 
tal and high voltage circuits are 
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practically the same as those cir- 
cuits used in the Admiral and 
function in the same manner. 


The vertical sweep circuit, how- 
ever, includes some variations 
and warrants additional explana- 
tion. First, the sweep circuit is 
basically a plate coupled multivi- 
brator with the plate of Vi10, cou- 
pled to the grid of Vi, through 
Ciso. The plate of Vi; is coupled 
to the grid of Vijon through Rigs, 
Cis1, Cize, Rass, Risa, and C45. The 
vertical sawtooth voltage is de- 
veloped across Cyy; and Cys and 
fed through Cj; to the grid of the 
vertical output tube. 


An interesting feature of this 
vertical sweep circuit is the man- 
ner in which bias is obtained for 
the 6AQ5. The negative voltage 
that is developed at the grid of 
the discharge tube is fed through 
Ris» to Vertical Linearity Control 
Rigo. The setting of this control 
determines how much of the nega- 
tive voltage is applied to the grid 
of the 6AQ5 as bias. 

A vertical retrace blanking cir- 
cuit also is incorporated in this 
receiver and a positive pulse, at 
the vertical sweep frequency, is 
applied to the cathode of the pic- 
ture tube. 


, Pie 
Printed Circuits 
The use of printed circuits is 
another feature of this receiver 
that is becoming increasingly pop- 
ular. The sections of the receiver 
that are enclosed with broken 


lines are constructed on “printed- 
circuit” boards. The boards are 
made up as units and installed in 
the receiver chassis proper. For 
identification purposes on the dia- 
gram, these printed-circuit boards 
are labelled PC 101-A, PC 101-B, 
PC 102-C, etc. 

The production of a printed cir- 
cuit starts with a very thin sheet 
of copper being bonded to a plas- 
tic insulating material which is 





Printed circuit oscillator-detector for use in 
Citizens Band transmitter and receiver. 

Courtesy Centralab. 

used as the “chassis” on which 

the circuit is constructed. A pho- 

tographic negative is made of a 
drawing of the required circuit. 
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Then, the copper sheeting is 
coated with a substance which 
makes it photo sensitive and a 
contact print of the negative is 
made on the copper sheeting. 
After development of the photo- 
graphic image on the copper sheet- 
ing, it is placed in an etching 
solution which eats away the un- 
exposed portions of the copper, 
leaving an accurate copper repro- 
duction of the desired circuit. 


Since the original negative can 
be used to make any quantity of 
units, uniformity of all units is 
assured. Recently, these methods 
have been used with such preci- 
sion that line widths of copper as 
fine as one-hundredth of an inch 
ean be accurately manufactured 
on a production line basis. 


After the etching process is 
completed, components are mount- 
ed on the plastic side of the board 
with their lead lengths passing 
through pre-punched holes and 
firmly attached to the copper cir- 
cuitry on the underside of the 
board. The copper circuitry side 
of the board is then immersed in 
hot solder and all solder connec- 
tions made in one operation. Any 
leads which should not be soldered 
are coated with a glass fibre insu- 
lation before the dipping oper- 
ation. 


Printed circuit techniques have 
several advantages over the point- 
to-point wiring methods. Among 
these are more consistent high 


quality, simplification of receiver 
construction and reduced costs. 


An example of this type of con- 
struction is shown in Figures 16 
and 17. Figure 16 is a view of the 
component side of a printed cir- 
cuit board used in an Admiral TV 
receiver, which shows the sim- 
plicity of construction. Figure 17 
is the wiring side of a printed 
circuit board mounted to a TV 
chassis. Notice that the usual 
maze of insulated wires is miss- 
ing, and leads connect to points 
along the edge of the board. 


The RCA receiver (Figure 15) 
employs the same type of con- 
struction with the difference be- 
ing that the circuits are made up 
in smaller assemblies and the as- 
semblies are then mounted on the 
receiver chassis. It should be re- 
membered that, as far as the elec- 
trical circuits are concerned, re- 
ceivers using printed circuits are 
no different than receivers not 
using printed circuits. 


A GENERAL ELECTRIC 
TV RECEIVER 


To further illustrate a modern 
TV receiver, Figures 18 and 19 
are the block diagram and sche- 
matic diagram, respectively, of 
the General Electric “N” chassis 
series of receivers. The block dia- 
gram of Figure 18 shows that the 
basic circuitry for this receiver is 
very similar to that of the preced- 
ing receivers described in this les- 
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son. The main difference lies in 
the age system. 


The schematic diagram (minus 

the tuner detailed circuitry) of 
Figure 19 shows that the output 
of the third i-f amplifier (Vio5) is 
detected by the erystal rectifier 
(Yi50), and the video signal is fed 
to the grid of the first video am- 
_plifier Viog,. Since the output of 
the detector is a negative polarity 
signal, the ungrounded end of 
Rig: provides a pulsating negative 
direct voltage. The pulsations are 
filtered out by Rigs, Cros, Rigg and 
Cys, and the negative voltage is 
fed to the grids of the first two 
i-f amplifiers and to the grid of 
the r-f amplifier in the tuner. 


The age clamping diode, Vijs0, 
has its plate connected to the 
junction of Cig, and Rigs to pre- 
vent the age voltage from be- 
coming positive. Should a loss of 
signal occur, or if one of the con- 
trolled tubes become gassy, the 
polarity of the voltage at pin 6 
of Viisc tends to go positive. 
When this occurs, the diode con- 
ducts and, since the plate of this 
diode is at practically the same 
voltage as the cathode when it 
conducts, the plate and all points 
connected to it are placed at 
ground potential. 


A positive voltage is fed into 
the age line through Ry7zy and Rigo 
which, due to the large values of 
Rizo and Rigo, is a small voltage. 
The purpose of this small positive 


voltage is to cancel out the age 
voltage that is developed by weak 
signals and increases the sensitiv- 
ity of the receiver. When a large 
signal is being received, the age 
voltage is of sufficient amplitude 
that this small positive voltage 
has very little effect. 


Positive polarity video is taken 
from the junction of Ly7. and Liz, 
in the plate circuit of Vios,, and 
fed through RC networks to the 
grid of syne clipper Viogs. The 
grid and cathode of Viogn act as a 
diode and rectify the composite 
signal. A negative voltage is de- 
veloped at the right hand plate of 
Coz and the bottom plate of Coo: 
which is sufficient to bias the syne 
clipper (Viocn) so that only the 
positive syne pulses can cause 
plate current. This action elimi- 
nates the video information and 
allows only the syne pulses to 
appear in the plate circuit. 


Besides preventing the video 
information and the blanking 
pulses from causing plate currents 
in Viosn, the negative voltage de- 
veloped in the grid circuit of the 
syne clipper is fed through Rao» 
to the age system and combined 
with the detector (d-c) output 
voltage. 


From the output of the sync 
clipper, negative syne pulses are 
fed through the integrator net- 
work to the vertical scanning sys- 
tem (Vis) which consists of a 
plate coupled multivibrator. Since 
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this circuit is very much like the 
vertical system used in Figure 15, 
no further explanation is given. 


Negative sync pulses are applied 
to the cathode of the triode phase 
detector, Vio7,, along with a saw- 
tooth voltage derived from the 
horizontal output transformer. If 
the horizontal oscillator tends to 
go off frequency, a correction 
voltage is obtained at the grid of 
Viovs and applied to the grid of 
horizontal multivibrator Vj to 
keep it on frequency. 


As indicated on the diagram, 
the PHASE BALANCE CONTROL R»;» 
adjusts for equal voltages at the 
plate and grid of Vio;, with no 
signal input. This balances the 
plate and grid current and enables 
the negative sync pulses, applied 
to the cathode, to cause equal cur- 
rent in both circuits. 


The oscillator, the horizontal 
output, and high voltage circuits 
of Figure 19 are very similar to 
the circuits previously described 
for Figure 13. 


CONTROLLED 
WARM-UP HEATERS 


Of considerable interest in this 
particular receiver is the low volt- 
age power supply. An autotrans- 
former steps up the line voltage 
to about 175 v a-e and tie recti- 
fied output is about 215 v d-c. In- 
stead of using a separate filament 
transformer, however, the auto- 


transformer is tapped down to 86 
v a-c which is used to supply the 
series connected heaters. 


In older model receivers, using 
series connected heaters, some of * 
the tubes would have an excessive 
voltage developed across their fil- 
aments due to the fact that some 
tubes would warm up faster than 
others. Since the resistance of the 
filament increases as it warms up, 
the slow heating tubes would have 
less than normal voltage across 
their filaments and the excessive 
voltage would be “dropped” across 
the fast warm-up tubes. This con- 
dition produced a higher than 
normal voltage across the quick 
heaters and resulted in many 
burn-outs. 


To counteract this undesirable 
condition, manufacturers have de- 
veloped tubes especially designed 
for series-string operation. The 
heater current is standardized at 
600 ma for series-string operation 
and the resistance of each heater 
is designed to give the proper 
heating power. Besides this qual- 
ification, the heaters of this spe- 
cial group of tubes are designed 
with a “controlled warm-up” time 
of about 11 seconds. Consequent- 
ly, none of the “controlled warm- 
up” tubes in a series-string will 
have an excessive heater voltage 
and the number of burn-outs is 
reduced considerably. 


The 11 second heater warm-up 
time does not mean that the re- 
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ceiver will “come to life” in 11 
seconds as the amount of time 
necessary to transfer the heat 
from the filament to the cathode 
is several times greater than this. 
On the average, the receiver will 
come to life in 40 or 50 seconds. 


In order to identify the con- 
trolled warm-up tubes, a change 
has been made in the heater volt- 
age prefix number. For example: 
the 83AU6 is the series-string ver- 
sion of the 6AU6. The 6AU6 re- 
quires 6.3 volts at 300 ma while 
the new 3AU6 requires 3.15 volts 
at 600 ma. The 6AQ5 requires 6.3 
volts at 450 ma while the new 5AQ5 
requires 4.7 volts at 600 ma. 


For those tubes that originally 
required 6.3 volts at 600 ma, a 
new suffix letter is added to their 
type numbers to indicate that they 
are in the new controlled warm- 
up family. The 6SN6GTA, for ex- 
ample, has been changed to 
6SN7GTB and the 6S4 has been 
changed to 6S4A. 


SERVICING NOTES 


Where servicing is concerned, 
receivers employing series-string 
heaters are analyzed in a different 
manner than those using par- 
allel heaters. For example, if the 
heater of tube Vy in Figure 13 
were to open, the indication would 
be a loss of sound and the diffi- 
culty could immediately be pin- 


pointed to those circuits which 
affect the sound. 


However, if the heater of tube 
Viz of Figure 19 opens, all of 
the other tubes do not heat and 
the receiver is completely dead. 
Naturally, this same condition 
occurs if any of the tubes in the 
series-string should have an open 
heater. Thus it becomes neces- 
sary to check the heater of each 
tube individually or to make re- 
sistance checks of series-string 
to locate the defective tube. 


For troubles besides open 
heaters, the symptoms will be the 
same as for a receiver that uses 
parallel-connected heaters. For 
example, if Rig; (which is in the 
plate and screen circuits of Vjos) 
should open there would be no pic- 
ture or sound present but the ras- 
ter would be normal. Or, if Cao; 
should short, the result would be 
a loss of vertical synchronization 
as this capacitor would short out 
the syne pulse that is applied to 
the vertical oscillator. Finally, if 
Rags should open, no horizontal 
pulse would be fed to the phase 
detector and the result would be 
a loss of horizontal synchroniza- 
tion. 

As mentioned in earlier lessons, 
the details of servicing and main- 
tenance of TV and radio receivers 
are offered in later assignments. 
The first of this series begins 
with the next lesson. 
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IMPORTANT DEFINITIONS 


CONTROLLED WARM-UP TUBES—Tubes developed for series- 
string operation. The filaments all require 600 ma and are 
designed to reach normal operating temperature in about 11 
seconds. 


AGC—A system of feeding back a bias voltage to the grids of the 
r-f and i-f amplifier tubes that is directly proportional to the 
strength of the received signal. In this way the gain of the 
controlled stages can’ be made to vary inversely proportional to 
the strength of the received signal. 


AMPLIFIED AGC—The same principle as age with the addition 
of a stage which amplifies the bias voltage before it is applied 
to the controlled stages. 


KEYED AGC—A system whereby the age bias voltage is developed 
by a tube that is keyed on during the horizontal syne pulse in- 
terval by a keying pulse from the horizontal flyback transformer. 


VERTICAL RETRACE BLANKING—A circuit used to bias the 
picture tube to beam current cutoff during the vertical retrace 
interval. This is accomplished by obtaining a positive pulse from 
the vertical deflection system and applying it to the cathode of 
the picture tube or by obtaining a similar negative pulse and 
applying it to the grid. 
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WORK DIAGRAM 


Figure 20 is the schematic diagram of a TV receiver designed 
for DTI’s home study training program. Referring to Figures 12, 
14 and 18, in the space below draw a block diagram of the DTI re- 
ceiver. Label all blocks as to function and include the tube number 
(V;, V2, ete.) used for each stage, (In order to gain maximum benefit 
from this work diagram, DO NOT refer to the solution until you have 
completed this project.) 
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The completed block diagram solution is found on the reverse 
side of a fold-out sheet. 
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From that, if we have any imagination, 
we shall widen our activity $° as to include 
those outside our personal range- We shal 
work for the overthrow everywhere of OP- 


pression, of unjustifiable privilege. We shall 
demand @ square deal for everybody- We 


And, being thus occupied, We shall cease 
to whimper about why We are on this earth. 
We shall know: 


Yours for success, 


WL lee 


DIRECTOR 


